This paper estimates the cost and pro…t e¢ ciency of Chinese domestic banking sector to evaluate the e¤ectiveness of China's …nancial reforms since 1978. We use the performance of foreign banks as the benchmark because foreign banks, subject to intensive worldwide competition, are perceived as possessing superior governing structure and organization, more advanced technologies and better trained labor force. On the other hand, competition in China's banking sector is mainly in the form of nonprice measures, thus putting foreign banks at a disadvantage. We …nd domestic banks have gradually caught up the cost advantage of foreign banks in a manner consistent with the increased competitive pressure. On the other hand, the pro…t advantage of domestic banks over foreign banks is widening because of institutional arrangements, cultural and social networks as well as the pro…t scope and revenue scale economy.
Introduction
Since 1978, China has undergone a series of …nancial reforms aiming to transform an administrative banking system into a market-based banking sector. This paper intends to assess the e¤ectiveness of China's …nancial reforms on the e¢ ciency of the banking sector. However, contrary to the conventional approach of comparing the outcome of a treatment with the outcome in the absence of that treatment We proceed by …rst brie ‡y describing the historical evolution of China's banking sector in section 2. Section 3 sets up the stochastic frontier analysis framework.
Data and empirical …ndings are presented in section 4. In section 5 we explore the existence of the economy of scope in China's banking industry. Concluding remarks are presented in section 6.
The Evolution of China' s Banking Sector
The …nancial system of the …rst thirty years of the People's Republic of China since 1949 was an all-inclusive monopoly by a single bank. The People's Bank of China (PBOC) was the only bank, it performed the functions of both the central bank and commercial bank. Under government directions, the PBOC was in charge of issuing currency-renminbi (RMB), managing exchange rates, controlling in ‡ation, coordinating government revenue and expense, channeling household savings to state projects, etc. 1 Since 1978, China has embarked on a gradual approach to reform its …nancial system. [ Table 1 here]
China's banking sector has also evolved in the direction of more diversi…ed ownership structure. [ Table 2 here]
Statistical methods
We use the stochastic frontier analysis (Forsund, Lovell and Schmidt, 1980) to assess the e¤ectiveness of …nancial reforms in China's banking industry. Let y it be some observed performance measure for …nancial …rm i in period t,
where x it is the vector of factors that could a¤ect a …rm's performance, v it is the random error. The "stochastic frontier" is de…ned as y it = x 0 it +v it . The ine¢ ciency is measured by the one-sided error u it 0. When the dependent variable, y it , is in logarithmic form, then exp( u it ) measures the e¢ ciency of …rm i at time t. It is in the range of [0; 1], and the closer it is to 1, the more e¢ cient the …nancial …rm is.
Two speci…cations of u it are considered: 
where X i = (x i1; x i2 ; :::; x iT ) 0 ; Y i = (y i1 ; y i2 ; :::; y iT ) 0 ; P = (
is a T i T i identity matrix, 1 is normalized to 1 without loss of generalization.
Then, u i and can be estimated through minimizing the loss function
where
and~ is the eigenvector corresponding to the largest eigenvalue of 
where T C=A is total cost (T C) divided by total asset (A). 6 The three outputs are total loans net of non-performing loans (y 1 ), other earning assets (y 2 ), and total non-interest income (y 3 ); three input prices are the price of funds proxied by the ratio of total interest expenses to total deposits and other short-term funding (w 1 ), the price of …xed assets proxied by the ratio of other operating expenses to …xed assets (w 2 ), the price of labor proxied by the ratio of personnel expenses to total 6 Total cost and three outputs are divided by total assets to control for potential scale bias following Berger et al. number of employees (w 3 ). 7 Imposing the price homogeneity
sm = 0 and symmetry conditions sk = ks , ml = lm , Eq. (7) becomes:
The pro…t translog function is similarly speci…ed using the logarithm of pre-tax pro…t divided by Aw 3 as the dependent variable. We assume that a …nancial …rm maximizes its pro…t for given prices of inputs and outputs. Therefore, we replace quantity of outputs in Eq. (8) with the prices of outputs, where the price of loans is measured by the ratio of interest income from loans to total loans, the price of other earning assets is measured by the ratio of interest income from other earning assets to other earning assets, and the price of non-traditional services is measured by the ratio of total non-interest income to total assets. The prices of inputs are the same as those in the cost translog function. The 107 commercial banks include the big four state-owned commercial banks, 13 joint-stock commercial banks, 59 city commercial banks, 10 rural commercial banks, and 21 foreign banks. Our sample appears quite representative by comparing the overall market share reported in Table 1 with the market share of our sample banks (Table 3 , Panel 3A) 8 as well as the percentage share of deposits and loans from the BankScope data relative to the whole banking sector reported in Panel 3B of Table   3 . The BankScope data accounts for about 76.5%-78.5% of total deposits, and 72% -74% of total loans of China's banking sector during 2007 -2012.
[ Table 3 here]
Empirical Findings
In this subsection we report the estimated cost and pro…t e¢ ciency for banks in
China. There is an e¢ ciency measure for each bank for each year. To provide a summary measure, we group domestic banks into four categories, the big four Table 4 presents the mean value of the cost e¢ ciency based on both time-invariant (denoted as FE) and time-varying speci…cations (denoted as LS93). Whatever speci…cation is used for the e¢ ciency measure, foreign banks are the most cost e¢ cient banks. This result is signi…cant at 1% signi…cance level and is robust to estimation methods utilized.
[ Table 4 here] Table 5 presents the estimated mean value of the pro…t e¢ ciency for each type of banks. Here, again no matter what speci…cation is used, foreign banks are least pro…t e¢ cient, and such di¤erence is statistically signi…cant at 1% signi…cance level.
[ Table 5 here]
To check if e¢ ciency measures stay constant over time (speci…cation (i) vs.
(ii)), we use the Hausman (1978) 
is asymptotically chi-squared distributed, where k denotes the dimension of the vector [ Table 6 here] 11 A referee raised the question that "new entrants may deviate from those banks that have been present in the market for a longer period" that could a¤ect the benchmark. Our data contains two new foreign banks. The mean value of the cost e¢ ciency of these new entrants is 0. If the di¤erence in pro…tability between domestic and foreign banks cannot be attributed to the laws governing foreign and domestic banks, then the di¤erence must come from the competitive advantages of domestic banks over foreign banks.
There appear to be several advantages:
1. The spreads between loan interest rate and deposit interest rate are much higher in RMB than those in foreign currencies. The foreign currency loan rate and deposit rate are determined through global competition while the RMB loan rate and deposit rate are regulated by PBOC during this period. In addition, commercial banks in China are only allowed to make RMB loans out of RMB deposits and foreign currency loans out of foreign currency deposits. With the elimination of special privileges granted to foreign banks in 2006, foreign banks and domestic banks have to meet the same requirements in many activities, such as meeting the same loan-todeposit ratio. PBOC sets the upper limit of this ratio to 75%, and requires foreign banks with legal entities to meet this standard by the end of 2011. In addition, PBOC requires this ratio applied to loans in RMB and in foreign currencies separately, i.e., RMB loans can only be made against RMB deposits and foreign loans can only be made against foreign deposits. Table 7 shows that the average loan-to-deposit ratio of foreign banks has decreased steadily from 183.58% in 2007 to 71.60% in 2012, while domestic banks have kept that ratio relatively stable.
[ Table 7 here]
To decrease the loan-to-deposit ratio from 183.58% to about 75%, foreign banks have to either increase deposits quickly, slow down the growth of loans, or both.
The BankScope data shows that the requirement is met mainly by slowing down the growth of loans. The deposit growth rate of foreign banks is slightly higher (27.87% for foreign banks v.s. 24.11% for domestic banks), but given their small size this growth rate is not fast enough to meet the upper limit of the loan-to-deposit ratio.
In this period, the average loan growth rate of foreign banks is 5.46%, but it is 11.96% for state-owned banks, 21.63% for joint-stock commercial banks, 24.64% for city commercial banks, and 13.50% for rural commercial banks.
2. Chinese customers prefer to make RMB deposits because the RMB deposit rate is much higher than the foreign currency deposit rate. Moreover, domestic banks tend to make long-term loans while foreign banks tend to make short-term or medium-term loans, which makes the returns to loans for domestic banks higher than those of foreign banks. 13 3. It is advantageous for both customers and banks to maintain long-term relationships. Ho (2014) estimates that the cost of switching banks is approximately 0.8% of the deposit value. Therefore, it is di¢ cult for foreign banks, especially the new entrants, to attract customers who have deposits in domestic banks.
4. Customers prefer banks with more employees and branches (Ho, 2014) . Foreign banks are small compared to domestic banks. Table 8 compares the relative size of foreign banks with domestic banks in terms of variables such as total costs, total assets, and total loans. Foreign banks are tiny compared to the Big Four, with the mean value of all key variables to be less than 1% of those for the Big Four. 13 Using BankScope data for 107 commercial banks in China and 6532 commercial banks in the U.S., the average deposit rate in 2012 is 1.82% in China and 0.38% in U.S.. In 2012, the average loan rate is 6.74% in China and 4.96% in the U.S.. The average deposit interest rate is calculated by dividing interest expense from deposits by total deposits. The average loan interest rate is calculated by dividing interest income from loans by total loans.
For example, the mean value of total asset (T A) for foreign banks is only 0.56% of those of the Big Four state-owned banks, 4.28% of joint-stock banks, 56.81% of city commercial banks, and 38.97% of rural commercial banks. The average value of toal loans for foreign banks is only 0.53% of the Big Four, 3.91% of the joint-stock, 59.65% of the city commercial banks, and 38.39% of rural commercial banks.
[ Table 8 here] Table 9 compares the number of banks and branches for foreign banks and do- Table 9 here] 5. The broad customer base makes it pro…table for banks to o¤er di¤erentiated products and fee-based services such as mortgage …nancing and paying utility bills on behalf of bank clients. As a result, banks are becoming increasingly reliant on fees, service charges, and other types of non-interest income. For instance, U.S.
banks earned 42% of their net operating revenue from non-interest income in 2004 (Stiroh, 2006) . Foreign banks in China are mainly concentrated in large cities with limited number of branches, which compels them to focus their business on large customers or large enterprises. Neither is it pro…table to o¤er fee-based services or many di¤erentiated …nancial instruments with a small customer base. 15 Table 10 compares the share of non-interest income in total operating income for domestic and foreign banks. Even though the share of assets in non-loan activities has been increasing for foreign banks from 42.11% to 54.94%, the share of non-interest income has decreased from 39.26% in 2007 to 25.88% in 2012 while the share of non-interest income for most of the domestic banks has been increasing. It appears that it is hard for foreign banks to assure a dominant role in China's banking sector unless foreign banks can substantially expand their size.
[ Table 10 where y 1 is total earning assets including total loans and other earning assets, y 2 is total non-interest income. If the inequality of Eq. (10) is reversed, there is a diseconomy of scope. A translog function is not suitable to study this issue because of the di¢ culty in determining the value of (y 1 ; 0) and (0; y 2 ). Therefore, we follow Pulley and Braunstein (1992) and Berger et al. (2010) to specify a composite function of the form
where the de…nitions of w i and A are same as those in Eq. (7). Following Berger et al. (2010), we divide and y j by total assets to control size heterogeneity and divide and w i by w 3 to re ‡ect price homogeneity. The nonlinear least square method is employed to estimate the parameters of Eq. (11). Table 11 presents the asset-weighted average of the economy of scope for domestic banks and foreign banks based on estimated parameters of Eq. (11). As can be seen from Table 11 , on average, the large domestic banks including the Big Four and joint stock banks have achieved economy of scope. On the other hand, there exists diseconomy of scope for foreign banks, domestic city and rural commercial banks.
However, it should be mentioned that the degree of the diseconomy of scope for city and rural commercial banks is decreasing, although we do not observe any sign of improvement for the economy of scope of foreign banks. More importantly, the di¤erence of the economy of scope for pro…t between the big four domestic banks and foreign banks is 0.8072 in 2007, but it widens to 1.3975 in 2012.
[ Table 11 here] Table 8 shows that the big four and joint stock commercial banks are much larger in size than foreign banks, domestic city and rural commercial banks. To see if the size indeed matters in achieving the economy of scope, we analyze the revenue scale economy. The logarithm of total revenue from di¤erent lines of bank products are used as the output and the logarithm of total deposits, …xed assets, and total number of employees of banks are used to approximate the inputs. A Cobb-Douglas type production of the form
is estimated, where i denote bank-speci…c e¤ects and t denote the time-speci…c e¤ects.
[ Table 12 here]
The sum of 1 ; 2 and 3 is 1:1077 (Table 12 ). The F -statistic to test if the sum of 1 ; 2 ,and 3 is signi…cantly di¤erent from the null hypothesis of constant return to scale H 0 : 1 + 2 + 3 = 1 is 7.36. The critical value for the 1% signi…cance level of a F -statistic with one degree of freedom in the numerator and 277 degree of freedom in the denominator is 6.64, implying that large banks are more capable to exploit economy of scale in revenue.
To take the greatest advantage of managers'expertise and to reduce the cost of capital, the results in Table 11 2. privatization of ownership structure and governing structure from state ownership to joint-stock ownership, and from state direction to market allocation.
3. lessening and simplifying state regulations. 
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